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Data Reduction - Programming

During the current reporting period, all of the efforts

of the data reduction group have been directed toward the
completion and the "debugging"” of the integrated data
processing package LUNAR. This package will permit the
computer to use our new measurement data cards as input
and provide as output a printout of brightness temperatures
as well as store this output on magnetic tapes. A new
flow chart (Fig. 1) is included herein which depicts the
current flow of data through this new package system. Also
included is Fig. 2, a block diagram which reflects the
electronic circuitry of the radiation pyrometer relevant
to the processing of the radiant power on the infrared
detector.

This package LUNAR, in addition to brightness temperatures
also provides other data of physical significance (see
attached Table) but has the advantage over our previous
system in that the data is stored on magnetic tapes instead
of cards. This package also permits all of the separate
programs, subprograms and routines to be performed as one
computer operation creating great savings in the cost of
cards and card storage. Our card storage problems are now
minimum whereas under our former system we would have had
to use several large rooms or more just to store the
voluminous accumulation of punched cards.

All of the existing infrared data’'will be processed through
this integrated program LUNAR to give us brightness tem-
peratures covering a substantial portion of the lunar disk.
The details and workings of this package has been fully
described in Scientific Report No. 9.

Lunar Excursion Module (LEM)

During this period and in cooperation with Arthur D. Little
we made a study of the thermal response of the lunar surface
at the landing site during the descent of the LEM. This
analysis is on the thermal response at the landing site due
to the radiative and convective heat transfer from the LEM
exhaust nozzle. A computer program has been written to
analyze the thermal transients as a function of: 1) the
thermal model of the lunar surface materials; 2) depth
beneath the lunar surface; 3) distance from the touchdown
point. The physical meaning of the answers obtained in our
analysis depends on how accurate the heat transfer parameters
are for the assumed model, during the LEM descent. Therefore

we prefer to stress the method of analysis rather than the
numerical conclusions,
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This analysis was carried out for eight different lunar
surface models and temperatures were cbtained as a function
of: 1) depth; 2) time elapsed from beginning of descent; ang,
3) distance from point of touchdown. The plotting of the

results for the homogeneous vesicular material is given in
Figure 3.

This work was support work for part of the Apollo Program
carried out by Grumman Aircraft as the main contractor.
This work was accomplished with the cooperation of the
Harvard Computing Center.

Observations

Up to June 30th the total observing for this project is
reflected in tlie following table.

Lunar Day Estimated Percentage

covered (no overlap)
4 9.5%
5 11.0%
8 16.5%
9 28.5%
11 45.0%
12 135.0%
13 23.0%
14 21.5%
17 18.0%
23 25.0%

Scientific Reports

Scientific Report No. 9 entitled, "Data Processing of Lumar
Infrared Measurements at High Spatial and Radiometric
Resolution to Obtain Brightness Temperatures,® was prepared
during this reporting period and has been distributed.
Considerable effort was exerted by our staff on this report
to make it complete and explain in detail exactly how our

data reduction system now functions. The following is an
Abhatract of the report:

A unique data processing of lunar infrared measurements
at high spatial and radiometric resolution to obtain bright-
ness temperature is presented. This system takes into account
all the instrumental parameters and cbserving conditioms, .
including amount of ozone, carbon dioxide, and precipitable
water along the path. Possible drifts in the instrument or
changes in the sky emittance are also handled by the system.
Moreover, for each line of scan the accuracy in the location
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of the resolution element on the lunar disk is also given,
taking into account systematic errors such as the differential
atmospheric refraction between visible and infrared rays.

The programming used in the data processing package pro-
duces a compact simplified data file oriented towards ease of
retrieval of various forms (i.e., plotting of different subsets
of the data). The techniques used to obtain thris data file
depend on a high degree of separation of different phases of
the data-reduction. This separation is reflected in the
organization of the program as a very simple supervisory
program with many subroutines, each performing highly specific
calculations.

A technical report entitled "A Study of Thermal Response

of the Lunar Surface at the Landing Site During 'he Descent
of the Lunar Excursion Module (LEM)" was preparei for
Arthur D. Little Inc. and the National Aeronautics and Space
Administration during this reporting period and has been
‘distributed. The extent of this report is cover:d in Lunar
Excursion Module (LEM) section.

Personnel

During this period we lost the services of our Okserver who
was on loan from the Smithsonian Astrophysical Obnervatory.
On March 15th Mr. William H. Black Project Assistazait on the
staff of the Ionospheric Observatory (Cornell Univarsity) of
Arecibo, Puerto Rico joined our staff as the Senic: Observer
for Agassiz Station. Mr. Black is a very carvful .nd skilled
ocbserver and we are sure that our project wili benefit from
his contribution.

During the current reporting period the persomnel ias been
held to a minimum. This was due to the fact tlhat Mr. Black
had to be trained in infrared measurements and consequently
very little new data could be obtained. Morecrer, the
weather was most uncooperative during this rejorting period.
All casual and part-time help in data reductiua were released
and will be rehired during the coming period.

Future Plans

Observations - We plan to continue observing diring the lunar
nIight at wavelengths in the 8-14 microns range at our Agassiz
Station. Budgetory limitations do not permit (bservations at
longer wavelengths or at other locations.
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Data Reduction - This phase of our work will continue as
planned. Observations will be reduced to tables of

temperature as a function of lunar coordinates and angles

of illumination as well as other relevant astrophysical
data.

Prgggrtg - Major items of equipment (over $1,000) are being
reported separately by Harvard's Office for Research Contracts.

Financial Report < The attached monthly statement for June 30,
1966 shows the expenses for various categories for the closing

month of this report period, and cumulative expenses from the
beginning of the report period.

et gk

Hector C. Ingrao
Co-Investigator

Date: 7/26/66




